There are few studies that explore inspection practices of pharmaceutical facilities from the viewpoint of inspectors and industry employees. In this descriptive, cross-sectional study, inspectors and quality assurance staff from 4 Arab countries -the United Arab Emirates, Saudi Arabia, Egypt and Jordan -were surveyed about their inspection practices and views. There was considerable variation in inspection practices across countries and between the inspectorate and quality assurance staff within countries. Divergence was found in views associated with payment mechanisms. There was mutual agreement by both groups that inspectors were in short supply and that they needed to be better trained. Inspectors appeared to have less authority than expected in order to control pharmaceutical manufacturing and marketing activities. Compounding this was a dearth of policy which would support a more uniform and systematic approach to the inspection process within and across countries.
Introduction
Despite being profit-making businesses, the first priority of pharmaceutical companies should be to assure the quality of the products they manufacture [1, 2] . The process of inspection of pharmaceutical facilities is an activity that is expected to assist with compliance by the industry with internationally recognized guidelines that support good manufacturing practice (GMP). There are many types of audits and inspections (routine or formal, concise or abbreviated, follow-up, special inspections and quality system reviews) and varying roles of individuals within regulatory agencies and the pharmaceutical industry [3, 4] . The approaches to inspections can be centred on the process, the product or the system or all of these [3] .
Within high-income countries, assessing compliance with GMP is well established and there are set protocols for approaching inspections [5] [6] [7] [8] . Inspection has become normal practice and audits are accepted as routine and an important aspect of the supply chain process, as GMP verification is required in order to meet the inspection requirements of export markets. Many pharmaceutical companies in Eastern Europe, the Middle East and Africa are undergoing rapid development in order to meet the requirements of industrialized nations. It is common practice for these companies to consult with independent professionals, either privately or through European Union-funded initiatives, in order to obtain GMP certification. This is required for pharmaceutical companies to submit applications for international authorization, enabling them to progress to export business. There is some dialogue suggesting a lack of trained inspectors in developing countries and consequently that the local pharmaceutical companies face difficulties and delays obtaining GMP certification [4, 9] . There have been few studies of this issue, but one conducted in Egypt [9] and a commentary from China [10] suggested that, when available, inspection procedures in developing countries are less common and more variable relative to inspections in developed countries.
Our study was founded on the need to better understand inspection practices, specifically in the context of developing countries in the Arab world. We are not aware of any previous studies that explored dual-stakeholder views (of inspectorate and industry staff) in a single study. The objective of this study was to describe inspection practices in 4 developing countries from the viewpoint of inspectors and pharmaceutical industry staff.
Methods

Sampling frames
Four developing countries were selected from the Arab Middle East, including 2 high-income countries -United Arab Emirates (UAE) and Saudi Arabiaand 2 low-to middle-income countries -Egypt and Jordan. The rationale for selecting these nations was based on their having an interest in development within Arab nations and having likely access to participants and organizations by the lead researchers and a broad range of current practices which were anecdotally known to occur in these countries.
A purposive sampling strategy was adopted in order to understand the viewpoints of those conducting the inspections and those subjected to the inspection process [11] . Two groups of participants were sampled: inspectors from health regulatory authorities and quality assurance (QA) staff working within pharmaceutical companies.
Survey design
This was a descriptive study carried out from September 2008 to February 2009 and a cross-sectional survey design was implemented in order to collect predominantly quantitative data [12, 13] . Additional qualitative data was collected from inspectors within the 4 countries sampled. It was believed that this survey design would provide optimal data collection and could also help to identify issues for more in-depth future research [14] . Ethical approval was obtained from the University of Auckland human participant ethics committee (reference 2009/003).
Data collection
Survey instruments
Two survey instruments were developed from an initial list of questions that this study aimed to answer, as well as through a synthesis of the relevant literature. Question numbers were reduced via an iterative process involving the research team, with each question critically reviewed. Questions that did not directly contribute to answering the research question were omitted. Effort was made to set out the questionnaire as clearly as possible. This included the use of non-ambiguous instructions, along with a simple, clear and attractive layout [15] .
Both survey instruments were developed in English; however, Arabic versions were developed in order to be able to engage more respondents in their native tongue. The survey instruments were predominantly quantitative, although open questions were included in order to be able to explore individual opinion about some aspects of inspection practices [12, 15] . The surveys were expected to take between 15 and 30 minutes to complete. The layout involved tick boxes outlining a range of responses for each question.
The survey instrument for inspectors contained 37 questions divided into 9 main sections: demographics, including minimum qualifications and experience; available training and education programmes and satisfaction with these and funding; inspection planning and strategies as well as factors influencing duration of the visit; financial considerations; approaches to visit, recording observations and inspector authority; guideline use; corrective actions, final inspection reporting, approaches to communication of corrective action and follow-up; communication obstacles that could compromise inspections; and recommendations and suggestions (open question).
The survey instrument for pharmaceutical industry QA staff included 20 questions divided into 5 main parts: preparation planning for an inspection visit; financial budgets for inspections; internal auditing, areas of usual inspection, frequency of self-inspection and format of inspection reports; external auditing, types of communication with regulatory body and final report formats; and an open question asking the respondents for recommendations for increasing the inspection efficiency.
Procedures
Surveys were provided to participants either at the time of the country visit by one of the authors (R.H.) or were posted. Different methods were used to engage participants. A covering letter explained the purpose of the research, and the survey questions were concise and specific. Weekly reminder emails and telephone calls were also made to encourage participants to complete the surveys and to return them as soon as possible [12, 15] .
Definitions
Although the terms are used interchangeably, for the purposes of this study the term "inspection" [2] was used rather than "audit", because it is the term more commonly used in the countries that participated in this research.
For the purposes of this study, the process of a GMP inspection was deemed to be a systematic and methodical review of a facility [3] . The GMP Institute's standard auditing procedure was adopted as the reference standard for this paper [16] .
The 3 main approaches used by inspectors in the developing world are: (a) forward approaches, i.e. tracing forwards from the raw materials and following the system through the factory to the dispatch warehouse-this is a hypothetical exercise that focuses on physical systems; (b) backward approaches, i.e. tracing backwards from the finished product in the warehouse to review the entire history back through the system-this is a fact-based exercise that focuses on documentation; and (c) random approaches, i.e. starting from points around the factory that appear to be significant and working either backwards or forwards as necessary [3] .
Data management and analysis
All data collected from participants who responded in Arabic were translated into English by R.H. and checked as part of the data management QA process. Data entry and analysis was conducted using SPSS, version 17 software. All original English and translated data was entered into a single database (in English format), for ease of analysis. Data entries were double checked by statisticians from the Student Learning Centre at the University of Auckland and from the University of the United Arab Emirates to ensure accurate data entry. SPSS was used to calculate the frequency and percentage of responses to each question, as appropriate. Results were presented as tables and graphs within SPSS. Responses to open-ended questions were analysed and broad themes identified, and the frequency of each theme quantified.
Results
Country of domicile
Completed surveys were received from 32 inspectors: 16 in the UAE, 9 in Egypt, 6 in Saudi Arabia and 1 in Jordan. Survey responses were collected via personal interviews in the UAE and by post or in a few cases by email in the other countries. In addition 23 QA staff within pharmaceutical facilities participated in this study: 10 in Egypt, 8 in Saudi Arabia and 5 in the United Arab Emirates (UAE). Surveys were collected from 15 QA staff by post, from 5 by face-to-face interviews and from 3 by email.
Regulatory context
Inspectors reported that the UAE Ministry of Health [17, 18] , Jordanian Food and Drug Administration [19] and Egyptian Ministry of Health [9] each have 1 regulatory health authority. Conversely, Saudi Arabia has several (Ministry of Health, Saudi Food and Drug Administration and the Gulf Central Committee for Drug Registrations) [20] .
Inspectors' views on roles, process, and delegated authority
Qualification and roles
The majority of inspectors specified that a bachelor of pharmacy degree should be required for the job (n = 23, 71.8%) and 9 participants (28.1%) suggested that inspectors should be required to pass a national examination of pharmacy or an equivalent certificate. Three respondents (9.3%) noted that there were no specific requirements to become an inspector in their countries. Along similar lines 4 respondents (12.5%) indicated that no specific qualification was required for inspectors; the caveat being the need to have 2-5 years of experience of conducting inspections and the appropriate level of training.
Inspectors' own work experience
Most of the respondents from Egypt, UAE and Saudi Arabia had up to 5 years of experience (n = 19, 59.4%), while the single respondent from Jordan reported more than 15 years of experience. The large majority of respondents saw their main role as policing (n = 28, 87.5%), as well as the review of required corrective actions (n = 25, 78.1%). Nearly two-thirds (n = 21, 65.6%) suggest that providing advice and/or consultation and cooperation with industry staff was a key part of their role. A similar response pattern was seen from representatives in Egypt, although the role of the inspector working with industry staff was given more emphasis than in the UAE. The most common response from respondents from Saudi Arabia was the policing role, followed by working with the industry to improve quality. The inspector from Jordan indicated that all 4 roles were important.
Inspection plans and procedures
Nearly half of the inspectors (n = 29, 48.2%) reported a warning period of up to 1 month prior to inspection, while almost one-third (n = 9, 31.0%) reported that no announcement was made at all. Extended warnings of up to 12 months occurred less commonly (n = 3, 10.3%). Inspectors from Saudi Arabia showed the widest range of time frames from up to 1 month (30.0%), 3 months (33.3%) and 6 months (16.6%). In terms of influencers of the duration of inspection visits, most inspectors reported that the purpose of the visit (n = 26, 81.2%) and the size of the company being inspected (n = 16, 81.2%) were the main influencers. Other factors important to the inspectors included distance of pharmaceutical facility from main centres and the extent to which "negative" issues were observed during the visit.
Close to two-thirds of inspectors (n = 20, 64.5%) reported that an information pack was supplied by the company prior to inspection. Inspectors in the UAE were more likely to have additional information provided by health authorities (n = 10, 62.5%). Access to inspection records from previous visits was less common, particularly in Saudi Arabia where none of the respondents suggest this occurs.
With respect to the inspection visit, the backward and forward approaches were used by similar proportions of inspectors (46.9% and 50.0% respectively), while the random approach was less commonly used (25.0%). Respondents could provide more than one answer to this question and the UAE inspectors reported use of all approaches in equal measure. Saudi Arabia inspectors reported that the forward approach was the only one used. The majority of inspectors from Egypt preferred to take a backward approach to the inspection process. The respondent from Jordan reported that the backward approach was the only one taken (Table 1) .
Nearly two-thirds of the inspectors (n = 19, 59.3%) indicated that the purpose of the inspection visit was the most important factor when deciding which approach to adopt. The inspection history was also deemed important (n = 12, 37.5%), followed by inspector's personal choice (n = 8, 25.0%), while some suggested all of the above reasons influenced the decision (n = 5, 15.6%). During the inspection, checklists were most commonly used (n = 26, 81.2%), but note-taking (n = 9, 28.1%) and still cameras were also used by some inspectors (n = 9, 28.1%) and a few used flow-charts (n = 2, 6.3%) and video (n = 4, 12.5%). There was some variation across countries, with inspectors from UAE using the whole range of available methods.
Corrective actions and final reporting
The majority of inspectors reported that they supplied a description of the inspection list (n = 21, 65.6%) and included negative and positive observations in their reports (n = 20, 62.5%). Approximately half (n = 15, 46.8%) of the respondents included recommendations for improvements (n = 16, 50.0%), required corrective actions and the time-frame for required response (n = 15, 46.8%) as part of their normal practice.
It would appear that inspectors from UAE and Egypt provided the broadest range of information in their final reports; Saudi Arabia and Jordan less so. Three-quarters of respondents use formal written letters as inspection follow-up on required corrective actions (n = 24, 75%). Email was used least often (n = 3, 9.3%); telephone and fax were used to the same degree (n = 12, 37.0%). Similar patterns of communication methods were reported across the countries studied. The great majority of inspectors reported using a combination of written report and follow-up visit to check that corrective actions had been implemented (n = 23, 71.8%). Close to half the inspectors reported using a follow-up visit (n = 15, 46.8%) and more than one-quarter (n = 9, 28.1%) requested company reports; outlining that corrective actions had occurred. Respondents could provide more than 1 answer to this question. a Tracing forward from raw materials and through the factory to end at the dispatch warehouse; b Tracing backward from finished product in the warehouse to review history back through the system; c Starting from points around the factory that appear to be significant and working either backward or forward as necessary [6] .
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Inspector authority
Just over half (n = 17, 53.1%) of the inspectors surveyed reported that they had the authority to delay the issue of a GMP certificate and 3 respondents (9.3%)-1 from each of UAE, Saudi Arabia and Jordan-reported the ability to revoke marketing authorization. Less than one-quarter (n = 7, 21.8%) of inspectors were in a position to close a facility or delay approval of licenses or marketing authorizations.
Guidelines from the Therapeutic Goods Administration in Australia were most commonly referred to (n = 18, 56.2%), followed by the European Medicines Agency (n = 13, 40.6%) World Health Organization (n = 10, 31.2%), United States Food and Drug Administration (n = 7, 21.8%) and International Conference on Harmonization (n = 3, 9.3%).
Inspection barriers and difficulties
Only 12 of the 32 inspectors (37.5%) responded to the question about communication with overseas inspectors. Of these half (n = 6, 50.0%) reported that they had poor communication with international inspectors, the highest being in the UAE. Reported barriers from inspectors included: language (n = 15, 46.8%), cultural differences (n = 10, 31.2%), inappropriate body language (n = 5, 15.6%), lack of communication between inspectors and pharmaceutical industry staff (n = 16, 50.0%). Inspectors identified with a long list of issues and difficulties associated with inspections and the more common ones (> 15%) are outlined in Table  2 . The most common were lack of training and education programmes, followed by transportation difficulties to the facilities, inadequate numbers of inspectors and insufficient time set aside to complete the requirements for a thorough inspection.
Levels of response by QA staff to the question about inspection difficulties was very low; there being a single response for most categories. No warning of inspection, no specific inspection plan, lack of allocated time, inspectors without appropriate background and imprecise questioning were highlighted as difficulties.
QA staff views on preparation, process and recommendations
Inspection visit preparation
The majority of QA staff had experienced an inspection visit (n = 21, 91.3%). A large majority of respondents agreed that maintenance records (n = 18, 78.6%), sanitation and hygiene records (n = 15, 65.2%) and standard operating procedures (n = 14, 60.9%) were the types of documents to be prepared prior to an inspection visit. A minority of respondents suggested that recall records (n = 9, 39.1%) and manufacturing batch records (n = 2, 8.7%) should be prepared.
Levels of self inspection
All QA staff noted that facilities had selfinspection plans and a great majority (n = 20, 87.0%) had completed written self-inspection plans. Quality control procedures were seen as critical in the self-inspection procedure and there was a long list of them (Table 3) . Monthly self-inspection was the most common system, followed by quarterly then 6-monthly. Respondents suggested that corrective actions from a self-inspection were completed within a specified time-frame (n = 21, 91.3%); most commonly within 2 weeks to 1 month (n = 8, 34.7%), although there was a broad range of responses.
External inspections and recommendations
QA staff views about the use of video or photographs was split relatively evenly between agreement (n = 11, 47.8%) and refusal (n = 12, 52.2%). Written formal letters were most commonly used to communicate with inspectors (n = 13, 56.5%), followed by telephone calls (n = 8, 34.8%), emails (n = 8, 34.8%) and fax (n = 6, 26.1%). Participants' responses to a list of components included in a final inspection report are outlined in Table 4 .
Other items concerning observations, recommendations, description of the inspection list and time-frames for the required response all had response rates > 85%. Just under half of the respondents (n = 10, 43.4%) suggested that sharing of the final inspection report was conditional and could depend on the results in the report and the reason why another authority had asked to view it. A minority of participants would share their inspection reports with other authorities (n = 4, 17.5%) and the rest would not (n = 9, 39.1%).
Education and training
Most of the inspectors reported that training sessions were available for them (n = 23, 71.9%). Half suggested an internship for new inspectors was available in some cases but that there were no practical aspects included with the theoretical sessions. Training programmes are compulsory in the UAE and Jordan. The majority of inspectors from the UAE and Jordan were satisfied or extremely satisfied with the QA training programmes. In contrast, the majority of respondents from the Saudi Arabia and Egypt were not satisfied or unsatisfied with the programmes in general (Figure 1) .
Inspectors without appropriate background and imprecise questioning were highlighted as difficulties associated with inspections from the viewpoint of QA staff.
Inspection fees
From the viewpoint of inspectors, fees were most commonly of the fixed-fee type. From the viewpoint of QA staff, variable inspection fees were deemed to be most common ( Table 5 ). The inspection fee was most commonly paid by the pharmaceutical company (Table 6 ). Only 3 QA staff from different countries reported that fees were set by government. One inspector from the UAE advised that the health authority paid the inspection fee and 1 inspector from Egypt responded that the cost was shared between the pharmaceutical company and the government regulator. Responses to the inspection fee question for QA staff were evenly split between being paid for by the pharmaceutical company or jointly by the company and the regulating health authority.
Discussion
This study set out to investigate the views of both inspectors and QA staff in the context of inspection of pharmaceutical manufacturing facilities in 4 Arab countries.
Inspectors' views
It was expected that inspectors be pharmacists or have considerable experience.
The main role was deemed to be "policing". The level of practical training, approaches and satisfaction with these programmes varied markedly across the 4 Arab countries surveyed. Inspectors believed they had a reasonable level of authority/power and were able to delay GMP certification if they saw fit. The ability to cease manufacturing and product marketing outright was less common.
A range of guidelines were used during the inspection but the Australian Therapeutic Goods Administration guidelines seemed to be most popular. Either fixed fees or fees that were confidential appeared to be commonplace. Inspection follow-up was generally in the form of letters and only half of the respondents made recommendations for improvement. There would appear to be significant variability in the information provided in inspectors' final reports; however, post-inspection follow-up visits appeared to be part of routine practice. Difficulties with inspection mentioned included lack of time, funding, transportation and standardization of reporting.
QA staff views
There appeared to be consistency across countries in the perceived requirements for the preparation of inspection visits. Furthermore, selfinspection plans and practices were commonly reported and corrective actions were followed within a timeframe. Variable inspection fees were reported to be the most common type, followed by fixed fees. Letters were the most common form of communication with inspection agencies. QA staff expected to receive recommendations for improvement, corrective plans, a time-frame for responding, description of the inspection list and both positive and negative observations. Sharing of reports appeared to be conditional on the findings of the inspection. Difficulties with inspections from the viewpoint of QA staff included: ad hoc visits, lack of specific pre-inspection plans, inadequate time spent conducting the inspection and inspectors lacking background about departments within the industry.
Contribution made by this article
Academic literature addressing pharmaceutical inspection processes within the developing world are scarce, despite an increasing trend toward the globalization of pharmaceutical regulation [21, 22] . There is commentary According to the regulatory body --1 4.3
Respondents could provide more than 1 answer to this question. suggesting a lack of trained personnel and significant barriers to ensuring inspection processes are consistent within and across several developing countries. The findings from this study reflect that rhetoric. We are also unaware of studies which compared the views of inspectors and representatives of pharmaceutical companies within the same study cohort; this manuscript adds to that understanding. There appears to be a level of disconnect between inspectors and QA staff with regards some aspects of inspection; both within and across the Arab countries studied. By taking this approach across countries and through key stakeholder viewpoints, misalignment of certain aspects of policy and/or practice have been uncovered which warrant further exploration. For example, in this study divergence was found in viewpoints associated with payment mechanisms. Equally, inspectors needed to be better trained.
Limitations of the research
As with any research this paper has limitations and the results need to be interpreted in the light of these. The sample size was small for both surveys and the analysis was limited to basic descriptive statistics. Due to the small sample size, generalizability of the data may to other contexts not be appropriate because the respondents may not be representative of the populations of QA staff and inspectors. However, the data set was still useful as a descriptive analysis, uncovering issues for further in-depth study [14] . Another limitation was that some participants did not answer all of the questions and declined to provide a reason for their non-response. However the reason may have been concerns about providing confidential information, rather than lack of knowledge.
To increase generalizability across all Arab countries and allow crosscountry comparisons, future research could include more participants from a larger range of countries. This may require a longer period for data collection and could be more expensive to conduct because of telephone calls and the requirement for personal visits to increase engagement. In addition, the involvement of participants from more countries may require translation into multiple other languages.
Implications and recommendations
The aim of this research was to explore inspection practices within the context of 4 Arab countries in order to understand where changes need to be made to increase consistency, efficiency and effectiveness [23] . It is important to consider the implications of the findings for policy, practice and any future research that may be required. Equally important is the need to outline recommendations which can be adopted by authorities and/ or the pharmaceutical industry within developing countries.
Implications for policy and practice
The findings of this study have implications for policy and practice when considered from the viewpoint of both inspectors and QA staff ( Tables  7 and 8 ). There is some policy which supports more systematic approaches to inspection of pharmaceutical facilities within the context of developing countries; however, our study showed there were major barriers to translating this into transparent and consistent practice. What was striking was the variability both across and within countries involved in this study. Policy development and implementation should span collaborative approaches to education and training, delegated authority, payment mechanisms and remuneration and policies that support and stimulate the use of technology. In addition, more operational level policies are required to inform and support technical aspects of the role including standard operating procedures and reporting templates.
In terms of practice, there are expected "flow-on" effects from improvements in policy development and implementation. For example, in the longer term, inspection practices are expected to be better supported through educational policies that attract pharmacy students and through providing basic training with a view to their continuing a career in this area. Local and international peer review and benchmarking practices will assist in standardizing practice and reducing the variability in approaches to the inspection, reporting and follow-up. There were several inconsistencies between the views of inspectors and QA staff on consistent payment practices and the expectations of the inspection process and reporting. Further work is required to better understand and to minimize these differences through practices informed by policy.
Implications for future research
A future research agenda has been developed by identifying gaps in the academic literature alongside the findings of this study (Tables 7 and  8 ). The following research streams represent the broad concepts in this area of study which require further work.
Stream 1: The influence of further policy development and implementation
Continued development of effective policy needs to occur and its influence evaluated. This would include educational policy promoting the role of inspectors and QA staff, evaluation of training programmes for inspectors, and interventions to reduce variability of the inspection process in its entirety. The impact of international knowledge sharing and collaborations needs to be assessed. inspectors rate sites and feedback to them will allow benchmarking to take place.
Stream 3: System development, operational research and audit evaluation
Undertaking a content analysis of current inspection reports would provide a baseline for measurement of future policy implementation/ initiatives. Following on from this, wide-scale studies of the barriers and facilitators of change in this sector are required. Wide-scale surveys of the barriers and facilitators to efficient and effective inspection practices needed based on the findings of this study QA = quality assurance; IT = information technology; GMP = good manufacturing practice.
Stream 4: Better understanding of fiscal mechanisms and their influence
There seems to be some misalignment with the experiences of QA staff and inspectors when it comes to fee payment mechanisms. Local and international benchmarking will be required.
Conclusions
This study set out to investigate inspection practices of pharmaceutical manufacturing facilities in 4 Arab countries through the viewpoints of inspectors and QA staff. The findings of this study have significant implications for policy and practice. There seems to be considerable variation in the policies and practice of inspection. A future research agenda is posed around 4 streams of work involving human factors, systems and processes alongside fiscal considerations.
